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Abstract The abundance of skeptical theories about who wrote
the Book of Mormon has led many scholars to seek
scientific data to discover the answer. One technique
is stylometry. Having first been developed in the
1850s, stylometry seeks to find the “wordprint” of a
text. Although these stylistic studies are not as accurate as a human’s fingerprint, they can give researchers a good idea either of differences in style between
authors or of who might have written a text from a list
of possible authors. Beginning in the 1960s individuals
have completed four major stylometric studies on the
Book of Mormon, studies that varied in both findings
and quality of research. In addition to these four studies, this article presents a fifth study—using extended
nearest shrunken centroid (ENSC) classification—that
incorporates and improves on the earlier research.
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FROM THE EDITOR:
What value do computerized studies of author styles contribute to the polemics and irenics that seem to perpetually swirl around the Book of Mormon? In this article, authors Roper, Fields, and Schaalje take a few short
steps back to take a long look at what such studies can and cannot contribute, including the latest twist, nearest
shrunken centroid (NSC) classification. The authors present eight serious flaws with the NSC study and then
offer the results of their recent study using extended nearest shrunken centroid (ENSC) classification, which
overcomes those flaws. Long-time readers of FARMS publications and those of the Neal A. Maxwell Institute
will enjoy this short history.
28
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C

laims about the authorship of the Book of Mormon have a history as long as the book has been
around. To discredit Joseph Smith’s description of the book’s origin, skeptics started proposing
theories about who had written it even before it was
1
published in 1830. In 1834 Eber Howe proposed the
Spalding-Rigdon theory of Book of Mormon author2
ship, which asserts that Sidney Rigdon plagiarized
an unpublished fictional work by Solomon Spalding
to produce the Book of Mormon. He made this assertion even though the Book of Mormon was printed
before Rigdon joined the church. Similar allegations
and variations on that theme continue today, despite
solid historical evidence that the theory is a baseless
3
fabrication. Another way to look for evidence that
supports or does not support specific claims of authorship is to examine the writing styles in a text,
specifically by identifying word-use patterns. In this
article, we look at the strengths and weaknesses of
various word studies that have attempted to determine who wrote the Book of Mormon. We conclude
with the results of our own study of Book of Mormon authorship.
Stylometry
When reading a written text, a reader may often
identify words and phrases that seem to ring with
a familiar voice, such that he or she may say, “This
sounds like it was written by Mark Twain (or Ernest
Hemingway or William Shakespeare).” But this is a
very subjective judgment. On the other hand, stylometry, also known as computational stylistics, is
a method of authorship attribution that uses far less
subjective criteria—namely, statistical techniques—
to infer the authorship of texts based on writing patterns. It tries to describe an author’s conscious and
unconscious creative actions with quantifiable measures such as the frequency with which an author
uses certain words or groupings of words.
Stylometric analysis is based on the fundamental
premise that authors write with distinctive, repeated
patterns of word use. According to English professor
John Burrows, written texts have a particular style
and inherently display the intellectual propensities of
4
their authors. By identifying the word-use patterns

in a text of unknown or questioned authorship and
then comparing and contrasting those patterns to the
patterns in texts of known authorship, the similarities and dissimilarities between the textual patterns
can provide supporting evidence for or contradicting
evidence against an assertion of authorship.

Anonymous writing, plagiarism, and the
consequent debates about the authorship
of texts have a long history. . . . Ancient
catalogs of Aristotelian writings disagree . . .
as to which works Aristotle actually wrote.
Anonymous writing, plagiarism, and the consequent debates about the authorship of texts have
a long history, perhaps extending back to the advent of writing itself. For example, three ancient
catalogs of Aristotelian writings disagree with each
5
other as to which works Aristotle actually wrote.
The authorship of Shakespeare’s plays has been a
6
topic of extensive debate and research, as has the
authorship of the biblical epistles historically attrib7
uted to the apostle Paul. In the sixteenth century in
England and Wales, a series of anonymous religious
writings known as the Martin Marprelate tracts generated a great deal of controversy, including specu8
lation about their authorship. Common Sense, published anonymously by Thomas Paine in January
1776, was the most influential tract of the American
Revolution and became an instant best seller, both
in the colonies and in Europe. To promote ratification of the United States Constitution, eighty-five
short essays signed with the pseudonym “Publius”
were published during 1787–88 in various New York
City newspapers. They were later reprinted collectively as The Federalist. Although it was revealed in
1807 that the essays had been written by Alexander
Hamilton, James Madison, and John Jay, the specific
authorship of twelve essays remained in dispute for
over 150 years until statistical analyses would show
9
strong support for Madison as their author.
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A Brief History of Stylometry
The use of statistical tools to test questions of authorship in such situations goes back at least to 1851,
when mathematician Augustus de Morgan proposed
using average word length to numerically character10
ize authorship style. In 1887 Thomas Mendenhall,
a physicist, proposed that an author has a “characteristic curve of composition” determined by how
frequently an author uses words of different lengths.
He applied this approach to compare the works of
11
Shakespeare and Francis Bacon, for example. In
1888 William Benjamin Smith, a mathematician writing under the pseudonym Conrad Mascol, published
two papers describing a “curve of style” based on
average sentence lengths to distinguish authorial
styles, which technique he applied to the Pauline

A few advances in stylometry were made
in the first half of the twentieth century,
but the most significant step was the landmark publication in 1964 of statisticians
Frederick Mosteller and David Wallace.
12

Epistles. Then in 1893, Lucius Sherman, a professor of English, found that average sentence length
could be used as an indicator of changes in writing
13
styles over time.
A few advances in stylometry were made in the
first half of the twentieth century, but the most significant step was the landmark publication in 1964 of
statisticians Frederick Mosteller and David Wallace.
In their study they innovatively applied Bayesian
statistical principles to investigate the authorship of
14
the twelve disputed essays in The Federalist. From
the late 1980s to the early 2000s, John Burrows made
seminal contributions to stylometric methodology.
He introduced the “delta score” to measure word
frequency differences among texts that varied by
15
author, in genre, or even across time periods. His
method is now considered a benchmark for authorship attribution studies. Burrows also started a trend
of using principal components analysis in stylom16
etry.
Today, the field of stylometrics is growing rapidly due to the confluence of exponentially increasing computing power, ubiquitous availability of the
30
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Internet, development of ultrahigh dimensional statistical tools, and advances in Bayesian statistics.
Limitations of Stylometry
Stylometry is a useful tool in authorship attribution, but several limitations are important to keep in
mind when interpreting the results of a stylometric
analysis. Although stylometry is sometimes referred
to as wordprint analysis (implying that it is a linguistic equivalent to fingerprint analysis), it does not
have the same identifying capability. The description of stylometry as verbal DNA is an even less ap17
plicable overstatement. With stylometrics there is
no way to perform population studies to determine
the general prevalence of word-use patterns. Consequently, all probability assessments in stylometrics
are relative only to the specific authors and the texts
included in the study.
Although a person’s fingerprint and DNA are
unchangeably unique to that person, a writer is at
liberty to adapt his or her style to a particular topic,
audience, and genre; to use artistic license to try new
styles or even imitate others’ styles; and to modify
his or her own style over time as writing skills increase or falter. Shakespeare, for example, was famously diverse in his writing style—an ability that is
one of the hallmarks of a great author and also one
of the things that makes stylometry a challenging
methodology to apply successfully.
Further, writing style is not singularly specific
to a person. Stylometry can assess the similarity of
writing styles among authors, but it cannot prove
personal identification of an author. Not only is
there variation in an author’s word-use patterns, but
authors can write sufficiently unlike themselves and
sufficiently like each other at times that there are not
clear boundaries between them, leaving fuzzy areas
where their styles can overlap. So even though an
author’s style may be distinctive, it is not distinct
enough to be considered unique to that author to the
exclusion of all other authors in the world.
Stylometric characteristics can provide a general comparative description of an author’s style, but
the writing style exhibited in a text is an indirect and
uncertain measure of an author’s identity. Authorial style is indistinct enough that one can say only,
“Based on these style characteristics, this text could
have been written by author X, and it was more likely
written by author X than by author Y.” Thus, stylom-

etry can assess the probability of similar writing styles
among texts, but that is not the same as the probability of authorship of those texts. Stylometry is only
one source of evidence to support a claim of possible
authorship. Other evidence—such as historical and
18
biographical evidence—becomes essential.
In the context of what stylometry is and what
it is not, let us now consider the applications of the
stylometric analyses that have been made regarding
the question of authorship of the Book of Mormon.
Stylometric Analyses of the Book of Mormon
Since 1980, four major stylometric analyses of
the Book of Mormon have been published—two by
19
researchers at Brigham Young University, another
20
by a doctoral student at Bristol Polytechnic, and
21
yet another by researchers at Stanford University.
Each of these studies applied stylometry in different
ways, seeking to address differing research questions, but all aimed at testing claims of Book of Mormon authorship.
The Larsen Study
Inspired by the Mosteller and Wallace study,
three statisticians at Brigham Young University—

Wayne Larsen, Alvin Rencher, and Tim Layton—
examined the frequencies of noncontextual words in
a precedent-setting analysis of the Book of Mormon
in 1980. Noncontextual words are function words
that have a grammatical role forming the structure of
a message, but they do not provide information about
the message. These are words such as a, an, but, however, the, to, with, without, and so on. Mosteller and
Wallace had shown that the way an author uses noncontextual words could be a means of characterizing
the author’s literary style independent of the author’s
message. For example, they found that Hamilton
frequently used enough while Madison never used
enough in his essays. Conversely, Madison frequently
used whilst, and Hamilton never used that term. Mosteller and Wallace referred to such disparately used
words as “markers” that could be used to distinguish
between the writings of Hamilton and Madison—a
process of authorial discrimination.
In the Larsen study the researchers carefully
constructed 2,000-word text blocks for each of the
major purported authors in the Book of Mormon.
Then they tested whether the text blocks displayed
evidence of a consistent style across the blocks, indicative of one author for all the texts, or whether

Organization of the church on 6 April 1830. Joseph Smith holds a copy of the Book of Mormon. © Robert T. Barrett.
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there was evidence of differing styles, congruent
with the claim that the Book of Mormon texts came
from different writers.
22
Applying linear discriminant analysis based on
the frequencies of noncontextual words occurring in
each text block, the researchers used this technique
to compare the authors specified internally in the
Book of Mormon to a set of nineteenth-century authors external to the Book of Mormon. The statistical evidence of differences among the writings of the
purported authors was overwhelming:
1.
2.

“Distinct authorship styles can be readily distinguished within the Book of Mormon.”
“The nineteenth-century authors do not resem23
ble Book of Mormon authors in style.”

A summary plot of their findings in figure 1
shows how the texts form clusters for each of the
four major authors identified internally in the Book
of Mormon with a separate cluster for Joseph Smith
as an external author; his personal writings were
used in the comparison.

We can see that the text blocks attributed to
Nephi, Alma, Mormon, and Moroni in the Book
of Mormon are consistently similar within authors
(tight grouping of texts by author) but consistently
different among purported Book of Mormon authors (distinct cluster for each author, with some
overlap). Joseph Smith’s texts are clearly separated
from the Book of Mormon texts.
There is, of course, no statistical way to prove
that the actual authors for the specific text blocks
were Nephi, Alma, Mormon, and Moroni. But whoever the authors were, each one consistently wrote
within his or her same style, and the styles differed
from each other. If one person wrote the whole
Book of Mormon, he or she possessed an unusual
and uncanny ability to write in different styles and
to switch back and forth consistently between those
styles.
Although somewhat overstated, it is hard to disagree with the Larsen study’s main conclusion that
“our study has shown conclusively that there were
24
many authors who wrote the Book of Mormon.”
The Hilton Study
Skeptical of, but intrigued by, the results of the
Larsen study, John Hilton—a physicist at the Lawrence Livermore National Laboratory in California
and later a researcher at Brigham Young University—
decided in 1982 to test the reproducibility of the
Larsen study results since a fundamental tenet of
scientific research is that results of a study must be
reproducible by other researchers. In so doing, Hil25
ton took a different approach than Larsen. Rather
than using noncontextual word frequencies as stylistic features, Hilton used sixty-five noncontextual
26
word-pattern ratios suggested by Andrew Morton,
a mathematician and religious studies scholar. Wordpattern ratios measure the rate of word use in four
categories:
1.
2.
3.

Figure 1. Text clusters of major Book of Mormon authors and Joseph Smith.
Linear discriminant analysis indicates that the writing styles of the major
Book of Mormon authors are distinguishable from each other and highly
distinctive from Joseph Smith’s writing style.
32
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4.

Specific words in key positions of sentences,
e.g., “the as the first word of a sentence,”
Specific words adjacent to certain parts of
speech, e.g., “and followed by an adjective,”
Collocations of words, e.g., “and followed by
the,” and
Proportionate pairs of words, e.g., “no and not,”
“all and any.”

Figure 2. Rejections of pairwise comparisons of texts from the Hilton study. Pairwise rejections fewer than seven of the
possible sixty-five word pattern ratios in each text vs. text comparison indicate evidence of similar authorial style. The intraauthor comparisons tend to show similar styles while the inter-author comparisons tend to show dissimilar styles.

Hilton’s idea was that these ratios might be minimally affected by unique phrases in the texts or by
topic and genre differences among the texts and thus
might be better detectors of an author’s unconscious
word-use preferences. In agreement with Morton, Hilton reasoned that these word-pattern ratios
would be useful since they provide a nonambiguous
count, occur frequently, have common alternative
expressions, and tend to be used habitually.
In addition, he developed a stylometric measure
used to differentiate between any two texts based on
the number of word-pattern ratios judged to be significantly different than expected (called rejections)
between texts purportedly alleged to be written in
the same authorial style. He calibrated and validated
his method by applying it to texts of undisputed authorship from the 1800s and 1900s. He determined
that seven or more rejections provided evidence of
differences of writing style indicative of different
authorship.
Using the oldest extant versions of the Book of
27
Mormon—primarily the printer’s manuscript —he
applied his procedure to 5,000-word blocks of text.
This provided high reliability since in larger text
blocks an author’s writing habits and stylistic propensities should assert themselves more strongly
than in smaller texts. In compiling the text blocks,

he excluded quotations from the Bible and the distinctive phrase and it came to pass.
Hilton then made various comparisons among
Book of Mormon texts attributed to Nephi and Alma
and non–Book of Mormon texts known to have been
authored by Joseph Smith, Oliver Cowdery, and
Solomon Spalding. Specifically, he compared each
author to the texts attributed to himself (intra-author
comparisons) and then each author to every other
author (inter-author comparisons). Figure 2 summarizes his results in tabular form. The first line of the
table (Nephi vs. Nephi) indicates, for example, that
there were three 5,000-word Nephi texts, and pairwise comparisons of these texts yielded two, four,
and five rejections for tests of the sixty-five wordpattern ratios. Further, in comparing six sets of texts
by Cowdery and Alma, four showed seven pairwise
rejections, one showed eight, and the other nine,
thus showing their dissimilarity. In figure 2, the
intra-author comparisons show evidence of similar
style, while the inter-author comparisons show evidence of dissimilar styles.
The most important result was that all of the
Nephi, Alma, Smith, Cowdery, and Spalding texts
are each consistent within themselves but distinctly
different from one another. Thus, the evidence from
the Hilton study argues strongly against the idea that
JOURNAL OF THE BOOK OF MORMON AND OTHER RESTORATION SCRIPTURE
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Joseph Smith, Oliver Cowdery, or Solomon Spalding could be the author of the Nephi or Alma texts.
Hilton concluded:
We show that it is statistically indefensible to propose Joseph Smith or Oliver Cowdery or Solomon
Spaulding as the author of the 30,000 words from
the Book of Mormon manuscript texts attributed
to Nephi and Alma. Additionally these two Book of
Mormon writers have wordprints unique to themselves and measure statistically independent from
each other in the same fashion that other uncontested authors do. Therefore, the Book of Mormon
measures [as being] multiauthored, with authorship
consistent to its own internal claims.28

Hilton’s findings were congruent with the Lar
sen findings. In 2006 these results were reproduced
again by researchers at Utah State University using
generalized discriminant analysis—an extension of
the linear discriminant analysis used in the Larsen
29
study.
The Holmes Study
Not all Book of Mormon stylometric studies
have reached the same conclusion as Larsen and
30
Hilton. For his doctoral dissertation at Bristol
Polytechnic in 1985, David Holmes—now at the
College of New Jersey but previously a professor at
the University of the West of England—carried out
a stylometric analysis of the Book of Mormon and
related texts based on five measures of vocabulary
31
richness. As stylistic features, Holmes computed
a standardized measure of words used once in the
text (R), a standardized measure of words used twice
(V2 / V), a Poisson-based measure of lexical repetitiveness (K), and two estimated parameters of the Sichel
distribution (a and q)—a theoretical distribution to
model word frequencies in writing. The first three
measures were calculated for the total vocabulary
in the texts, while the last two were calculated for
nouns only.
His motivation was his impression at the time
that vocabulary richness was a “particularly effec32
tive measure for discrimination between writers.”
Holmes used the 1980 editions of the Book of Mormon, the Doctrine and Covenants, and the Book of
Abraham from the Pearl of Great Price; the book of
Isaiah from the King James Bible; and diaries and
histories written or prepared by Joseph Smith between 1838 and 1843. Ignoring genre (doctrinal dis34
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course versus historical narrative), Holmes extracted
fourteen approximately 10,000-word blocks assigned
to six Book of Mormon authors, divided sections 1
through 51 of the Doctrine and Covenants into three
10,000-word blocks, combined the writings of Joseph Smith into three 6,000-word blocks, included
the Book of Abraham as one text, and extracted
three 12,000-word blocks from Isaiah.
As illustrated in figure 3, Holmes found that the
Joseph Smith texts clustered together, the Isaiah
texts clustered together, and all but three of the other
texts clustered together.
Holmes concluded from this that he had definitively shown that the writings of Mormon, Lehi,
Nephi, Jacob, and Moroni were not stylometrically
different. He stated, “There appears to be no real difference between Alma’s richness of vocabulary and
Mormon’s richness of vocabulary, . . . a conclusion
in direct contradiction to the findings of Larsen.” He
continued, “This study has therefore not found any
evidence of multiple authorship within the Book of
Mormon itself,” to which he added, “We may consider the Book of Abraham, the purported authors of
the Book of Mormon and Joseph Smith’s revelations
to be of similar style, therefore, with all the implica33
tions that this may have for Mormon doctrine.”
The first part of Holmes’s statement is prima
facie false since the Larsen study utilized noncontextual word frequencies and did not include any
findings about vocabulary richness. The rest of the
statement is an example of the classic fallacy argumentum ad ignorantiam: “I did not find a difference so
there must not be a difference.” When a researcher
does not find evidence of an effect, he or she can
only say, “I did not find evidence of an effect.” The
researcher cannot say, “Therefore, the effect does
not exist.” The effect could still exist; the researcher
simply did not find it. In addition, Holmes overgeneralized the usefulness of his methodology by failing to recognize that the successful application of a
technique in one instance does not indicate that it is
34
useful in all instances. Even if a method found a
large difference in one instance does not mean the
method will find smaller differences in other cases.
A method’s ability to find small differences that in
fact exist is referred to by statisticians as the method’s power.
Subsequent research by Schaalje, Hilton, and
Archer has shown that Holmes’s stylistic measures

	
  
Figure 3. Principal components analysis plot based on Holmes’s vocabulary richness measures. Although texts from
Joseph Smith and Isaiah are easily distinguishable from Book of Mormon, Doctrine and Covenants, and Pearl of Great Price
texts, Holmes’s method could not distinguish among the purported authors within the Book of Mormon nor in comparison
to the other scriptural texts.

have low power and are consequently weak discrimi
35
nators of authorship. For example, when testing
texts of undisputed authorship by Samuel Clemens
(Mark Twain) and Samuel Johnson (a British author
and lexicographer), among others, correct classification rates were 96% using noncontextual word frequencies, 92% for noncontextual word-pattern ratios, but only 23% for vocabulary richness measures.
Similar results were obtained consistently in other
tests on sets of texts from novels (translated from
German into English), the Book of Mormon texts
(translated from an unknown ancient language into
English), and the King James New Testament (translated from Greek into English). Later, in a reanalysis
of The Federalist essays, Holmes himself found vocabulary richness measures to be comparatively less
effective discriminators of authorship than noncon36
textual word frequencies.

The skepticism of Schaalje, Hilton, and Archer
toward the effectiveness of Holmes’s vocabulary
richness technique has been borne out in a more recent study by David L. Hoover:
Despite the attractiveness of measures of vocabulary
richness, and despite the fact that they are sometimes effective in clustering texts by a single author
and discriminating those texts from other texts by
other authors, such measures cannot provide a consistent, reliable, or satisfactory means of identifying
an author or describing a style. There is so much intratextual and intertextual variation among texts and
authors that measures of vocabulary richness should
be used with great caution, if at all, and should be
treated only as preliminary indications of authorship, as rough suggestions about the style of a text or
author, as characterizations of texts at the extremes
of the range from richness to concentration. Perhaps
their only significant usefulness is as an indicator of
JOURNAL OF THE BOOK OF MORMON AND OTHER RESTORATION SCRIPTURE

35

what texts or sections of texts may repay further
analysis by more robust methods. Unfortunately, the
long-cherished goal of a measure of vocabulary richness that characterizes authors and their styles appears to be unattainable. The basic assumption that
underlies it is false.37

The results of the Holmes study certainly do
not nullify the results of the Larsen and Hilton studies nor portend any grave implications for Mormon
doctrine, as Holmes suggested. The Holmes study
shows only that the Book of Mormon texts, although
consistently distinct in terms of noncontextual word
usage and word-pattern ratios, display similar vocabulary richness. This might reflect simply that the
Book of Mormon texts are the work of a single translator, as Joseph Smith claimed, and thus were limited
by his vocabulary.
The Jockers Study
The weakest of the four major Book of Mormon stylometric studies is presented in a recent paper by Matthew Jockers, Daniela Witten, and Craig
38
Criddle —respectively an English lecturer, a statistics graduate student, and a civil engineering professor at Stanford University. Their study is innovative
in that the statistical method they used was “nearest
shrunken centroid classification” (NSC), a multivariate classification method based on Bayesian statistics
developed for the classification of tumors in genom39
ics research.
In statistics, shrinkage is a way to reduce the
uncertainty about an estimated quantity by combining information from multiple sources in making the
estimate. The more information that is included in
making an estimate, the less uncertainty there will
be about that estimate. A centroid is the center of
a multidimensional cluster of data points. Think of
it as the center of gravity of a disperse collection of
related items with varying sizes. When applied to
stylometry, the NSC method uses the stylistic characteristics (such as word frequencies) found in the
texts of a set of candidate authors to create a rule for
determining the authorship of unknown texts. That
rule is then used to assign a text of questioned authorship to the author whose cluster of texts has the
nearest centroid. The closer a test text of an unknown
author is to the centroid of a known author’s texts,
the greater the likelihood that the style of the test
text matches the writing style of the known author.
Using Bayes’ theorem from statistics, the NSC
36
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method updates initial probability estimates (called
“prior probabilities”) to calculate final probability
estimates (called “posterior probabilities”) based on
newly obtained sample information. For example,
without the sample information, the prior probability estimates would be that all candidate authors are
equally likely to be the author of a text of unknown
authorship. But after the writing style in the text
(sample information) is compared with the writing
style of each candidate author, the posterior probability estimates might show that one author is more
likely the author of the text than the other candidates because of closer similarity of writing style. It
is vitally important to note that NSC is a closed-set
method, which means it assumes the set of candidate authors definitely includes the true author to
the exclusion of any other possible candidates.
In the Jockers study, the researchers’ hypothesis
was that the Book of Mormon is the collaborative
work of multiple nineteenth-century authors. They
specifically sought to find support for the SpaldingRigdon theory. Therefore their set of candidate authors included text blocks by Solomon Spalding,
Sidney Rigdon, Oliver Cowdery, and Parley P. Pratt.
Biblical texts by Isaiah and Malachi (combined as
one author) were included as a positive control, and
contemporary nineteenth-century texts by Henry
Longfellow and Joel Barlow were included as negative controls. The texts varied greatly in size, ranging
from 114 to 17,797 words in length.
Even though chapter designations were not
added to the Book of Mormon until 1879 (when all
of their candidate authors were dead), Jockers chose
to use the current chapter structure to define the
test text blocks for the Book of Mormon, reasoning
rather dubiously that the chapters might have been
contributed individually by their panel of suspected
authors and thus might provide evidence of “correct” authorship. The Book of Mormon chapters
also varied widely in length from 95 to 3,752 words.
As stylistic features, Jockers used relative frequencies of the most common 110 words in the Book
of Mormon that were used at least once by each
purported author. From this list they removed four
words that they felt were contextual in relating to
biblical subject matter (God, ye, thy, and behold), but
without justification they retained fifteen other contextual nouns: children, day, earth, father, hand, king,
land, man, men, name, people, power, son, time, and

words. For some unknown reason they apparently
wanted their definition of authorial style to include
some lexical words—other than biblical-sounding
words—rather than just function words.
The results of Jockers et al.’s application of NSC
classification to assigning Book of Mormon chapters to
their set of candidate authors are tabulated in figure 4.
There are eight serious flaws with the Jockers
study methodology that render the results moot. First
and most obviously, Joseph Smith was excluded as a
candidate author, even though as the book’s translator he is the most likely author. His candidacy was
considered in each of the previous studies. The Jockers researchers incorrectly claim that Joseph Smith
could not be included because he frequently used
scribes when preparing written documents and left
inadequate samples of his personal writings. Dean
Jessee has compiled a comprehensive set of Joseph
Smith’s writings, many of which are holographic
40
(written solely in his own hand). Because NSC is
designed to pick one of the members of a closed set
of candidates, excluding Joseph Smith from the analysis seems like an attempt to stack the deck in favor
of the Spalding-Rigdon theory authors.
Second, and even more important, the set of
candidate authors for the Book of Mormon cannot reasonably be considered closed. To employ a

Nearest Shrunken Centroids (NSC)
Classification Results

Candidate Author

Percentage of Book
of Mormon Chapters
Assigned to an Author

Sidney Rigdon

39%

Isaiah / Malachi

26%

Solomon Spalding

22%

Oliver Cowdery

8%

Parley Pratt

4%

Henry Longfellow

1%

Joel Barlow

0%

Joseph Smith

Not Included

Figure 4. Percentage of Book of Mormon chapters assigned
to each author by Jockers et al. based on nearest shrunken
centroid (NSC) classification probability estimates, including
Isaiah/Malachi as positive controls and Longfellow and
Barlow as negative controls, but not including Joseph Smith.

closed-set technique, a researcher must be assured
by external evidence such as well-established, noncontroversial historical information that all possible
candidate authors have been identified and included.
For The Federalist studies, there was no question that

Their candidate set cannot be considered
to be comprehensive since the styles of
the vast majority of Book of Mormon
chapters differ markedly from the styles
of any of Jockers et al.’s candidates.
the true author was included as a candidate. The
question was only whether the writing style of a specific paper favored Hamilton or Madison; there were
no other possible candidates. However, for the Book
of Mormon the situation is not so simple—there is
no substantiating historical or biographical information to justify a constrained set of candidates. In fact,
41
the principal components plot of the Jockers study
shown in figure 5 provides confirming evidence that
their candidate set cannot be considered to be comprehensive since the styles of the vast majority of
Book of Mormon chapters differ markedly from the
styles of any of Jockers et al.’s candidates. Because
of the dispersion of the data points (with very little
overlap in the Book of Mormon clusters and the candidate authors’ clusters), it is obvious that the possibility of other authors than were allowed in the Jockers study must be included in an analysis of Book of
Mormon writing styles.
Third, Jockers et al. assert that since twenty of
the twenty-one chapters from Isaiah/Malachi were
correctly attributed, “this is evidence for the effec42
tiveness of NSC classification.” Yet they ignore the
forty-two Book of Mormon chapters that are known
not to have been authored by Isaiah and Malachi but
that NSC mistakenly attributed to them. That means
that NSC made twice as many incorrect attributions
to Isaiah and Malachi as correct attributions. The
statement Jockers et al. should have made is “This is
evidence for the ineffectiveness of NSC classification.”
With two-thirds errors, this should have alerted
Jockers et al. that their naïve application of NSC was
producing unreliable results. This should have also
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Figure 5. Principal components analysis plot for Jockers et al.’s data showing that the cluster for Book of Mormon chapters (black dots) is clearly separate from the cluster for candidate authors’ texts (red dots).

made them very suspicious that the ninety-three attributions to Rigdon must also be grossly overstated.
If the same proportion of misattributions occurred
for Rigdon as for Isaiah and Malachi, then the correct rate of attribution would be only about thirtyone chapters. As Jockers et al. point out, a mere
random assignment of chapters would have resulted
43
in thirty-four chapters attributed to each author.

Just as a stopped clock is right twice a day,
NSC should be viewed as performing no
better than attributing chapters by throwing darts at the list of candidate authors.
Jockers et al. should have realized therefore that the
thirty-one chapters that might have been correctly
attributed to Rigdon were only what would be expected by random assignment. Just as a stopped
clock is right twice a day, NSC should be viewed as
performing no better than attributing chapters by
throwing darts at the list of candidate authors.
Fourth, even though the NSC method can identify the cluster of texts a test text is relatively closest
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to, that does not mean it is close in an absolute sense.
The test text and the closest cluster could still be a
great distance apart. This would allow for the possibility that an excluded author is actually closer. As
an analogy, let us ask the question, “Considering the
cities New York, Chicago, and Salt Lake City, which
city is closest to Los Angeles?” We could correctly
answer that Salt Lake City is closest. But Salt Lake
City is seven hundred miles from Los Angeles, so it is
only relatively close to Los Angeles—relative to Chicago and New York. Further, even though Salt Lake
City is the closest of the candidate set, it is not the
closest city of all cities in the United States of America.
Many cities were not included as candidates—Las
Vegas, Tucson, San Diego, and so on. To reliably use
a closed-set method such as NSC in stylometry, a researcher must know with reasonable certainty that
there are no other possible candidate authors. Without such assurance, the only conclusion that can be
drawn is which candidate is the closest from among
the set of candidates tested. Because not all possible
candidates were included in the Jockers study, statements that make claims about which candidate is
the closest of all possible candidates would be unsubstantiated extrapolations and would overstep the

bounds of the evidence. In addition, just because San
Diego is close to Los Angeles, that does not mean it is
the same as Los Angeles. To claim they are the same
city requires more evidence than just a measure of
relative proximity. Likewise, in stylometry, relative
proximity only connotes similarity of style, not necessarily the same authorship.
Fifth, the NSC probabilities are presented by
Jockers et al. as absolute probabilities. This is misleading since, in fact, they are relative probabilities
related only to the specific set of candidate authors
44
tested. Suppose that for some Book of Mormon
chapter Rigdon’s probability is calculated as 80%,
Pratt’s probability is calculated as 20%, and each
remaining candidate’s probability is calculated as
nearly 0%. The most that can be concluded from
these numbers is that Rigdon’s probability of a
matching style is four times greater than Pratt’s. One
could say that the odds are “four to one” (4:1) in favor
of Rigdon over Pratt, but one could not meaningfully
state Rigdon’s calculated likelihood without a comparison to Pratt’s. While in a relative sense the probability calculated for Rigdon might be 80% within a
limited set of authors, in an absolute sense it might
be only 8%, for example, if all possible authors were
included.
Sixth, the NSC procedure assumes that the
variation of the word frequencies in the text blocks
is the same for all text blocks. This requirement of
equal variance—called homogeneity of variances—
is grossly violated in the Jockers study due to the
highly disparate sizes of the text blocks. It is completely unreasonable to assume that the variances
of word frequencies in text blocks of 100 words are
the same as the variances of word frequencies in text
blocks of 5,000 words or 15,000 words. Hence the authorship probabilities calculated by NSC make even
less sense.
Seventh, the authorship probabilities have still
less meaning individually since so many texts (239
chapters) are classified simultaneously in a single statistical procedure. When making a multitude of comparisons within a single test procedure, some of the
calculated probabilities will appear to indicate items
that are significantly different from each other even
though their difference occurred simply by chance.
These differences can be spurious and signify nothing. This is a well-known hazard in statistical prac45
tice and is referred to as the multiplicity problem.

Naïve or inexperienced analysts frequently make the
mistake of overlooking the effects of multiplicity—
that is, claiming that a random event has meaning
when in reality it is just the result of normal variation in a process.46
Eighth, Jockers et al. represented Rigdon’s writing style using fourteen articles published in newspapers between 1833 and 1835, as well as nine reve
lations authored by Rigdon beginning in 1863. The
problem is that the styles of these two sets of writings show evidence of being distinctly different, as
shown in figure 6, which is based on Jockers et al.’s
data.
To confirm this observation, we took all newspaper articles and pamphlets known to have been
authored by Sidney Rigdon between 1831 and 1846
to create twenty-five composite texts ranging in size
from 2,214 to 8,747 words. We also created fifteen
composite texts ranging in size from 3,678 to 6,784
words from all of the sections authored by Sidney
Rigdon or jointly by Sidney and Phebe Rigdon in the
Book of the Revelations of Jesus Christ to the Children
of Zion through Sidney Rigdon, Prophet, Seer and Reve
47
lator. The texts were combined in chronological

Sidney Rigdon.
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Figure 6. Principal components analysis plot of early and late Rigdon texts. The early Rigdon texts were written from 1833
to 1835 and are shown as solid red dots. The late Rigdon texts were written after 1863 and are shown as open red dots. The
distinctness of the two clusters suggests strongly that Rigdon’s early writing style had evolved into another style later in his life.

order, and no section was split between two text
blocks. Figure 6 shows the distinct difference in
style between the two sets of texts. It is unknown
whether Rigdon’s style actually changed over the
seventeen intervening years, or whether his revelations reflect the contributions of others such as his
wife. In any case, in a study of Book of Mormon
authorship, Rigdon’s style should be characterized
only by documents written in his early style—the
time period closest to the publication of the Book of
Mormon. The Rigdon texts used in the Jockers study
confound the two Rigdon styles.
The Jockers study concluded:
Our analysis supports the theory that the Book
of Mormon was written by multiple nineteenthcentury authors, and more specifically, we find
strong support for the Spalding-Rigdon theory of
authorship. In all the data, we find Rigdon as a unifying force. His signal dominates the book, and where
other candidates are more probable, Rigdon is often
hiding in the shadows.48

In actual fact, the Jockers study has shown nothing. The study design was biased to produce a desired
result; the closed-set classification methodology is
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completely unsuitable for inferring authorship of
the Book of Mormon; the full results for the control
texts were ignored; the calculated probabilities were
misinterpreted; the chapter-by-chapter probabilities
of authorship are not even useful as relative probabilities; the effect of hugely different sample sizes
was disregarded; the multiplicity effect of multiple
simultaneous testing was ignored; and, finally, Rigdon’s two differing writing styles were confounded
into one composite style.
The only idea in the Jockers study that is of
some value regarding the Book of Mormon is actually not in their paper, but is based on data listed on
their website that we used to produce figure 6. However, it points to a very different conclusion from
that drawn by Jockers et al.
Most Recent Study Using ENSC
In response to the Jockers study, we recently
conducted a new study correcting the methodologi49
cal flaws in the Jockers study. Most important,
we developed a modification to the closed-set nearest shrunken centroid (NSC) classification method
to enable it to be applied to open-set classification

problems.50 We refer to this method as extended
nearest shrunken centroid (ENSC) classification. In
doing so, we modified the NSC formulas to allow for
some other author—that is, to allow for the possibility that an excluded author might have written the
text whose authorship is in question. This open-set
modification allows for the existence of an unidentified author with writing characteristics nominally
consistent with the test text and incorporates this
possibility into the probability calculations. Without
including the possibility of someone else as the author, if the candidate set does not include the true
author (using a closed-set approach for an open-set
situation), the probability of similar writing style can
be grossly overstated and lead to entirely erroneous
51
interpretations.
For purposes of comparability with the Jockers study, we used the same list of 110 characteristic
words as Jockers et al. as well as their chapter-bychapter designation of text blocks from the Book of
Mormon. We first reproduced the Jockers study results using the same set of candidate authors to confirm that our implementation of NSC was consistent
with theirs. We then repeated the NSC analysis including Joseph Smith in the set of candidate authors.
Finally, we applied the open-set ENSC technique allowing for the possibility of some other author. In
addition, when we used the ENSC method, we took
into account differences in sample sizes, adjusted for
multiplicity, and recognized the distinction between
Rigdon’s time-separated writing styles. Figure 7a
displays the results of applying NSC per the Jockers
study and applying NSC with Joseph Smith included
but without the possibility of someone else as the author. Figure 7b displays the results of applying ENSC
allowing for the possibility of some other author.
First, examining the NSC graph in figure 7a, we
notice that the percentage of chapters NSC assigned to
Rigdon is about the same with or without Joseph Smith
in the candidate set (39% and 40%, respectively), while
the ENSC graph in figure 7b shows far fewer chapters
assigned to Rigdon (7%). Interestingly, the ENSC percentage for Rigdon is the sum of roughly equal percentages for early and late Rigdon sample texts.
Next we notice that the percentage for Isaiah/
Malachi (26%) as assigned by NSC (fig. 7a) is obviously much too large (as discussed earlier), and the
misattribution to Isaiah/Malachi actually increased
when Joseph was a candidate author since then NSC

assigned 28% of the chapters to Isaiah/Malachi. However, the ENSC-assigned percentage of 15% (fig. 7b) is
much closer to the correct percentage (12%).
Considering Spalding without Joseph Smith as
a candidate author, NSC assigned 22% of the chapters to Spalding, yet only 15% to him when Joseph
Smith was included (fig. 7a). Obviously, when Joseph Smith is included in the analysis, any supposed
support for the Spalding-Rigdon theory diminishes.
With Joseph Smith in the candidate author set, we
see that NSC assigned 12% of the chapters to Joseph
Smith because of chapter reassignment away from
Spalding, Cowdery, and Pratt. This seems consistent
with the claim that Joseph Smith, as translator, dictated the text of the Book of Mormon, and in doing
so perhaps had some influence on the structure of
language in the document.
In contrast, when applying ENSC, the combined total for Spalding-Rigdon drops to only 8%,
with ENSC assigning a mere 3% to Joseph Smith
(fig. 7b). The few chapters that ENSC indicated to be
closest to Rigdon, Spalding, Cowdery, and Smith are
randomly dispersed throughout the 239 chapters,
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Figures
7a and 7b. Nearest shrunken centroid (NSC) and extended nearest shrunken centroid (ENSC) classification
methods applied to Book of Mormon authorship. Although the closed-set NSC technique assigns a majority of chapters to
Spalding and Rigdon within a constrained set of candidate authors, when allowing for the possibility that the candidate set
is incomplete, the open-set ENSC technique assigns an even larger majority of the chapters to an unidentified author who
was not included in the NSC candidate set. Percentages are based on the number of chapters that are deemed closest to a
candidate author’s style.
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indicating that they should be considered random
misclassifications.
Most interesting, though, the ENSC method (fig.
7b) assigned 73% of the chapters to “Someone Else.”
Further, excluding the Isaiah/Malachi chapters and
looking only at the non-Isaiah/Malachi Book of Mormon chapters, ENSC assigned 93% of those chapters
to “Someone Else” with a few chapters randomly
assigned to Oliver Cowdery and Joseph Smith, as
would be expected if Joseph Smith had translated
the text with Oliver Cowdery as his scribe.
Clearly Jockers et al.’s claim of astronomical probabilities in support of the Spalding-Rigdon theory is
a great exaggeration. The ENSC results confirm our
analysis that the Jockers study was fatally flawed in
concept and execution. Contrary to their contention,
the evidence does not provide credible support for
the claim that the writing styles exhibited in the Book
of Mormon match any of their candidate authors—
Spalding, Rigdon, Cowdery, or Pratt. In fact, the
evidence from a correctly conducted analysis clearly
supports the claim that someone other than their set of
candidate authors wrote the book. Therefore, based on
these findings, we conclude that stylometric evidence
does not support the Spalding-Rigdon theory of Book
of Mormon authorship.
Conclusion
Stylometric analyses of the Book of Mormon
have generated much interest over the past thirty
years. Some of these analyses have produced interesting information, but some of the studies have
been characterized by hyperbole, faulty reasoning,
and misapplication of statistical methods. When ex-
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ity to produce misleading results
indicates that the researchers were
unfamiliar with the tool (NSC) they
were using and unskilled in its
proper use.
Please note that the presence of a
few extreme values—either high
or low—would be expected in any
data set, even if the data come from
a process that is truly random.
Their presence does not necessarily signify anything unusual in the
data. Researchers who ignore the
multiplicity problem are prone to
finding evidence in the data that
supports their preconceived notion
of what “should be” in the data. This
is often referred to as data snooping,
in contrast to data analysis. Such researchers are determined to find in
the data what they want to be in the
data regardless of facts and reason.
Located in Stephen Post Papers,
folders 11 and 12, L. Tom Perry
Special Collections, Harold B. Lee
Library, Brigham Young University,
Provo, Utah.
Jockers, Witten, and Criddle, “Reassessing Authorship of the Book of
Mormon,” 483.
G. Bruce Schaalje, Paul J. Fields,
Matthew Roper, and Gregory L.
Snow, “Extended Nearest Shrunken
Centroid Classification: A New
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Literary and Linguistic Computing 26/1
(2011): 71–88.
G. Bruce Schaalje and Paul J. Fields,
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(2012): 638–52.
The fundamental fallacy in the
Jockers study was that they equated
genomics problems to stylometry
problems. Although NSC has proven
to be highly successful in genomics
classification problems, stylometric
problems are much different: a large
set of texts is usually the subject
of classification, the sample sizes
vary over a wide range, and most
important, the set of candidate authors usually cannot be assumed to
be closed. These characteristics are
not present in the typical genomics analysis. Consequently, naïve
application of NSC, as in the Jockers
study, can produce highly misleading results. A reanalysis of the Book
of Mormon using ENSC produced
dramatically different results from
the NSC method.
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